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MR No. L5I21 _ _
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

; MEMORANDUM REPORT
. o for the-'
! Bureau of Aeronautics, Navy Department
TWO—DIMEHSIONAI'WIND-TUNNEL INVESTIGATION OF SIX
AI?FOIL SECTIOHS POR THE WING OF THE VEGA XP2V-1
' ATRPLANE .

. By Eelicieﬁ P. Fullmer, Jr.

SUMHARY.

An 1nvestigatlion was conduvcted 1ln the Langley two-
dimensional low-turbulencs® pressure tunnel of slx airfoll
sections Tor the wing of the Vega XP2V-1 airplane. Two
of these sections, the NACA 652-515 (modified) a = 1.0
and the Tockheed D-I12A ailrfoils were tested as possible
tip sections and the remaining four, the

=10 C'Li=05
NACA 65(518)-419 2 f 8 g 211 f 6045 , the NACA 2418, the
= s =

Lockheed D-20B, and the Vega airfoIl were tested as possible
root sections for the wing of the subjJect alrplane. The
Vega airfoil was also tested with a 30-percent chord
Fowler type flap. 'The general aerodynamic characteristics
were determined for each of these airfolls in a smooth
condition and wlith standard leading-edge roughness. The
tests of the alrfoll-flap model were made to determine the
effect of a flap gap seal and Reynolds number on the 1lift
characteristics for intermediate flap deflectlons and to
determine the best gap dimension for a flap deflection

of 32°

The results iridlcate that the aerodynamic character-
1stlcs of no one alrfoll in the asmooth conditlon were
superlor 1n all respects to those obtalned for any of the
other alrfolls as shown by the followlng table of char-
acterlstlcs obtalned at a test Reynolds number of 9,000,000:

]
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149971 o o Range of 1ift |o
Alrfoil — |®Imax|®dmin for low drag | "8

NACA 65,-515
(modified) a = 1.00.108|1.655 [0,0043{0.250 to 0.740 |-0.086

Lookheed D-12A .109/1.555| ,0047] .500 to .8L40 | -.059
NACA 65(318)~119

a = 1.0, °zi - 0.5
a = 0.8, cy, = -0.5 .112{1.460| .00L6]-.160 to .E50 -.047
a = 0.5, 07, = 0.4

Lookheed D-20B .103 |1.330| .00LB| ~—=mecemmmmceun .00
HA.GA 21.].18 -103 1.).'.75 lOO& --------- ‘--'-'-- -.Ohl_l,

Vega (modified) 2419 | .098|1.L4L0{ .0053 | ==cmccnccmcncan -.051 .

The additlon of leading-edge roughness produced marked
separation effects and the resultant increase in drag
coefficlient was of sufficient magnitude that the alrfolls,
with the exception of the NACA 2418 and the Lockheed D-12A,
were consldered as unconservatlve sections. The maximum
11ft coefficient, for flap deflections greater than'8°,
was appreclably increased when the flap gap seal was
removed and the greatest maximum 1ift coefficient for a
flap deflection of 32°. was obtalned with a gap dimension
equal to 2.7 percent of the alrfoll chord.

INTRODUCTION

At the request of the Bureau of Aeronsautics, lavy
Department, an investigation was carrlied out in the
Langley two-dimensional low-turbulence pressure tunnel
to determine the aerodynamic characterictics of six
plain airfoll sections for the wing of the Vega XP2V-1l alr-
plane. One of these sections,a Vega alrfoll,was later
modified to 1Include tests with a 30-percent chord Fowler
type flap. .
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The investigatlon of the plain alrfoils conslsted
of tests 'to determine- the  11ft;-dreg, and.pltching-
moment characteristics of the alrfoll sections and to
obtain some data concerning the sensitivity of these
sectlons to leading-edge roughness. The 1investigation
of the ailrfoll-~flap model lncluded tests to determine the
effect of a flap gap seal and Reynolds number on the 11ift
characteristics of the model with the flap partially
deflected and also to determine the best gap setting for
the maximum flap deflection of 32°.

LIST OF SYMBOLS

cq section drag coefficient (d/qe)
cdmi minimum section drag coefficlent
n

Cyq sectlon design 1ift coefficlent
ey section 1lift coefficient (1/qc)
Clmax maximum seetion 1ift coefficlent
Aczmax maximum sectlon lift coefficient lncrsment .

c sectlon pltching-moment coefficlient about
e /4 m
airfoil quarter-chord point (:521{)

Cmg o section pltching-moment coefflclent about the
aerodynamic center EEEfE)

qc
ch
—_— slope of the 1ift curve per degree of angle of
da attack _
R Reynolds number
Go section angle of attack
q, free~stream dynamic pressure (%g?)

c airfoll chord
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x distance along chord measured from the leading
edge; horlzontal position of the aerodynamic
cénter

y -distarice above or below chord line, positive when

above clkord line; vertical position of the
aerod;nemic center

d drag per unit span

1 1ift per unit span
m moment per unit span
P alr density

MODELS AND TESTS

The airfoll models tested were of wood construction
and had a chord of 24 inches. The 30-percent-chord
Fowler flap wlhlch was tested with the Vega alrfoll sectlon
was constructed of duralumin and was furnished by the
Vega Alrcraft Company. A sketch of the various alrfoll
proflles are shown ln figure 1 and the ordinates are
presented 1n tables. I to VI. The major differences in
the various airfoll sections is shown by the plot of the
profiles presented in figure 1. The NACA 655-515
(modified) a = 1.0 airfoll was obtained by combining a
modifled IACA 652-015 baslc thicknesrs dlstributlon and a
mean line of the type a = 1.0 having & deslgn 1ift coef-
filcient of 0.5, The modificatclion of the basic thickness
distrilbutlon consisted of removing the cusp and substi-
tuting a strairht-l1line falring from the €0-percent statlon
to the tralling edge. The Veza airfoll was a modified
NACA 2419 airfoll sectlion. Essentially the modification
of the NACA 2412 airfoll consisted of changing the position
of the maximum thlcxness frow 0.30 to 0.38 of the chord
and using & smaller leading-edge radivs to arrive at a
sectlion which wovld resemble a low-dres airfoll. A com-
parison of the profiles of thls riodified -rection and a
conventlional WACA 241$ alrfoll 1s shown in figure 2. A
sketch showing the general arrangemnent of the Vega alrfoll-
flap model, flap profile, flap ordlnates, and gap dimen-
slons 18 presented 1n Ifirure 3.

The general aerodynamic characteristics of the plailn
alrfolls were determined for Reynclds numbers of
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3,000,000, 6,000,000, and 9,000,000 with corresponding

values of the Mach number of 0.108, 0.144, and 0.158.

The 1ift and drag characteristics .at a Reynolds number

of 6,000,000 were also determined with standard rough-
ness applied to the leading edge of each of the airfoll

gsections.

The standard roughness applied to these models

was the same as that described 1n refereice l. The 1lift

characte~istlcs of the Vega alrfoll-flap model were, wilith
one exception, cbtained at a Reynolds number of 9,000,000,
To determine what scale effect would be obtained on thils
model for flap deflections of 0°, 4°, 8°, 16°, and 24°, .
additional 1ift characteristiecs were obtained for one gap
conflguration for a Reynolds number of 6,000,000.

Corrections for the wind-tunnel-wall effects were

made by the following equations where the primed quantitles

represent the aerodynamlc coefficlents measured in the

tunnel:

ag = 1.015a,’
o7 = (0.985 - 0.3LK)oy
(1 - 0.954K)0q"

mo ), = (1 = 0-03LE)on 5 |

Cd =

Airfoll K

NACA 650-515 (modified) a = 1.0 0.28L4
loockheed D-12A «220

a = 1.0, cz - 0-5
NACA 65(318)'h19 a = C.8, 03y = =0.5 # .370

aw 0.5, czi - 0.).].
Lockheed D~20B .1,28
NACA 21,18 376
Vega +380

A correction has also been applled to the data
presented in this report for the increased blocking effect
at angles of attack in the nelighborhood of maximum 1ift.
This correction for the lncreased blocking effect reduces

the maximum 1ift coeffliclent measured in the tunnel by
A full explanatlion of thease
corrections and & discussion of the accuracy of routine

approximately 1.5 percent.

airfoil tests are presented in the appendlx of reference 1l.
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RESULTS AND DISCUSSION

The section 1ift, drag, end pltching-umoment character-
1stlcs of the tip sectlons are presented in figures ¢
and 5: slmlilar cheracteristica for each of the four root
sections are presented in figures 6 through 9. The
results obtained from tests to determine the scale effect
on the Vega-airfnill-flap model with the flap gap sealed
are presented 1n rigure 10. The 1lift characteriestics for
this model with the flap gap open are presented in fig-
ure 1ll. The results obhtalneé from the tests to determine
the best gap setting for the airfoll fiap model vith the
flep at a maximum deflection of 32° are presented in
flgure 12. The variation of maximum 1ift with flap
deflection for all test configurations of the flap model
1s presented in Tigure 13.

Plain alrfolils.- The NACA 655-515 (modifled) a = 1.0
alrfolil section (fig. 4) was tested as a possible tip
gection for the wing of the Vega P2V-1l alrplane. The aerody-
namic cheracteristics of thls section, as would be expected,
approximate those for an NACA €659-415 airfoll (reference 1)
since both sectlions have the same thickness and somewhat
eimllar pressure dlstributions. A comparison, at a
Reynolds number of 9,000,000, betwcen the NACA 659-515
(modified) a = 1.0 airfoil and the WACA 655-415 airfoil of
reference 1 shows that the maxlmum 1iIt coefflcients for
both sectlons were approximately the same; the minimum
drag and the pitching-moment ccefflclents of the
NACA 650-E15 (modified) a = 1.0 airfoll were, howsver, some-
what greeter than those obtalned for the NACA 65,-415 alr-
foll (reference 1l). The greater pitching-moment™ and higher
drag coefficlents for the WACA 655-515 (modifled) a = 1.0
alrfoll may be attributed to the higher camber and the
modified basic thilclkness distributlion of this airfoll
section. It can be seen in figure 4 that the applicatlon
of roughness to the leading edge of the NACA 655-515
(modified) a = 1.0 airfoil reduced the lift-curve slope
and causcd some loss in 1ift coefflclent at all poslitive
eangles of attack. The flgure also shows that the addition
of leading-edge roughness reducedé the maximum 1ift coef-
ficlent from ¢ = 1.5656 to ¢; = 1.225 and increased
the minmum drag coefflclent from cg = 0.0045 to
cg = 0.0104. These wvalues are approximately the same as
would be obtalined from a rcugh conventional alrfoll of
squal thickness and would be consldered us normal effects
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of roughness; the very rapld increase in drag coefficlent
for 1ift coefficients greater than c¢; = 0.6, however,
indicates.the onaset of mérkéd'&epﬁfatibﬁ effects. 1If it
is assumed that the alrplane would have a normal wing and
power loadlng and that 1n the crulse conditlon the wing
would operate at a 1ift coefficilent of approximately 0.6,
the NACA 652-515 (modified) a = 1.0 alrfoll would in all
probablility be an unconservative sectlion for thls alrplane
wing because for 1lifts greater than c¢3 = 0.6 the drag
coefflclents wlth leading-edge roughness were excesslvely
high. A more complete definltlon of an unconservative
girfoll and a detalled dlscusslion of the method used to
determine whether or not a sectlon 1s unconservative can
be found in reference 1.

The tests results of the Lockheed D-12A airfoll (fig. 5)
shows that the aerodynamic characteristics of this sectlon
compares favorably with those obtained for the
NACA 647-412 alrfoll of reference 1. This section was
chosen for purposes of compurison because it 1s equal in
thickness and has approximately the same deslign 1ift coef-
ficlent as the Lockheed D-12A airfoll. A comparison between
the Lockheed D-12A and the NACA 64,-412 airfolls (reference 1)
shows that, for all Reynolds nurmhers tested, the maximum
1ift coefficlent 19 consideratly lower for the
Lockheed D=-12A alrfoil. The date also shows that the
minimum value of the drag coeffilcient and the range of 1ift
coefflclents for low diag are approximately the same for
both airfolls; the pitching-moment coefficlents, however,
are somewhat smaller for the Iockheed D-12A ailrfoil. The
addition of roughness to the leading edge of the
Lockheed D-12A airfoll reduced the maximum 1lift coefflclent
from ¢3; = 1.490 to c¢; = 1.250 and increased the mini-

mum drag coeffliclents from cgq = 0.0046 to cg = 0.0097.

These changes 1In 11ft and drag coefflcients are simllar

to those obtained under the same test conditions, for the
NACA 647-412 alrfoil and the conventlonal alrfolls of
reference 1. Furthermore the increase in drag coefflcient
with increasing positlive 1ift indicates that only normal
progresslve separation effects are evident and the alrfoll
can be consldered as a conservative airfoll section.

a = 1.0, ¢34 = 0.5
The LACA 65(31p)=-419 {a = 0.8, Cly = ~0.5 »airfoll was one
a = 005, c?'i = 0.4
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of several alrfolls lnvestigated for use as a possible
root section for the wing of the XP2V-1l airplane. A
comparison of the aerodynami¢ charecteristics of this
atirfoil with those obtained from tests of the other
alrfolls (see figs. 7, €, and 9) shows that, in general,
the maximum lift coefflclents of this section were higher
at all Reynolds numbers than those obtained with elther
the Lockheed D-203 or the Vegae airfoll. The maximum

11Tt coefficlents for this section were, however, lower
than those obtainable with the NACA 2418 airfoll section.
The minimum drag coefficlent of this NACA 85-series alrfoll
was lower at all Reynolds numnbers than those obtained with
any of the other three root sections. The drag coeffl-
clents for thile airfolil at low negative 1lift coefficlents
are sbout the same as those for any of the other tharee
alrfoils; the drag coceificlents for 1l1ft coeffilclents
greater than c¢7 = 2.8, however, are excessively high.
These excessiveiy high drag coefficlents and the abrupt
changes In the lift-curve slope at these 11ft coeffilclents
may be attrlbuted to a peartlal breal:down of flow over the
airfoll upprer surface. The addition of rcughness caused

8 loss in the 1lift coefficlents, a greatly reduced lift-
curve slone, and a very rapld increase in drag coeffi-
cient near maximum 1lift. This indlcates that the addition
of leading-edge roughness caused a further breakdown of
the flow over the alrfoil and showed that thils YACA 65-
serles sectlon was unconserative.

The mayimum 1ift coefficients for the Lockheed D-20B
airfoil for Reynoslds numbers of €,000,000 and 9,000,000
were considerably lower than thoce obtalned for the
HWACA 65 series, the NACA 2418 alrfoil, and the Vega airfoil
sectlons. The drag coefflclents obtalned for thls section
for 1lift coefflclents greater than c¢; = 0.2 are, in
general, lower than those obtalnsable with any of the other
root sectlons. The minimum drag coefficlents for thils
sectlon were approximately the same as those for the
NACA €65-serles alrfoll and were considerably lower than
those obtalned with elther the Vega or the TACA 2418 alr-
foll sectliona. The pitching-moment coefficlents about the
aerodynamic center obtalned for thls alrfoll were slightly
hipgher than the Cmg.c values obtained for the NaCA 65=-

series, NACA 2418, or the Vega alrfoll sectlons. The
Lockheed D-20B alrfoll was very sensltive to leading-edge
roughness as_shown by the large change in the lift-curve
slope, the very low maxlmum 1lift coefflclent, end the
excesslvely high drag coefficienta at 1i1ft coefficients
greater than 0.6. These characteristics are typlcal of
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alrfolls showlng marked separation effects caused by
roughness. The Lockheed D-20B alrfoll therefore appears
to be definitely unconservative.

The meximum 1li1ft coeffliclents of the NACA 2418 alrfoil
(fig. 8) are not exceptionally high when compared with
simlilar data for other conventliondl sectlons of equal
thickness; they are, however, higher for all Reynolds
numbers tested than those for elther the NACA 65 serles,
the Lockheed D-20B, or the Vega alirfoll sections. A
comparison of the minimum drag coefflclents of thls section
with those for the other root alrfoils reported herein
shows that highest minimum drag coefficients were obtained
with the WACA 2418 airfoll section. The pltching-moment
coefficlents of thls section are, in general, smaller
than those obtained with any of the other root sectlons.
The roughness data presented in Tigure 8 shows thet there
is no loss in 1lift coefficlent at low positive angles of
attack and no appreciable change in lift-curve slope
except near mexirmum 1lift. The roughness data also shows
thet the drag coefflcient increases somewhat more rapldly
with 1ift coefficlent than for the smooth alrfoll but
the variation remuins normal, increasing progressively
with lncreasing 1ift coefficlent. Beceause only the usual
progresslve seperatlion effects are evident the alrfoll 1s
a conservative airfoll sectilon.

The maximum lift coefficients of the Vega airfoll
(see fiz. 9) were higher for all Reynolds numbers tested
than tho=e obtalned with the Lockheed D~2CB airfoll. The
drag coefficlents obtalned with the Vega alrfcoll for 1lift
coefficlents greater than = 0.2 were, 1in general,
higher than those obtalned wlﬁh any of the other root
sectlons. The minimum drag coefficients for the Vega
alrfoll section were lower than those obtained with the
NACA 2418 alrfoll but were somewhat hirher than those
obtained with the WACA 65-serles and the Lockheed D-20B
airfoils. The pltehing-moment coefflcients for the
Vega sectlon were, in general, about the same or slightly
greater than those obtalned for the MACA 65-serles and
the NACA 2418 airfolls and were slightly smaller than those
obtalned with the ILockheed D-20B airfoil. The data presented
in figure 9 shows that the addition of roughness to the
leading edge of this alrfoll resulted in & reduction in
the slope of the 1ift curve and cauvsed a rather rapld
increase in the drag coefficlent as the 1ift approached 1its
maximum value., This shows that the model was very sensitive
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to leading=-edge roughness and in all probability the
excesslvely high drag coeffilclents for 1lift coefficilents
greater than c¢; = 0.6 indicates that this would be an

uncongervative alrfoll section.

A summary of the aerodynamic characteristics obtained
for each of these alrfolls at a test Reynolds number of
approximately 9,000,000 13 presented in table VII,

Vega alrfoll-flap model.- The scale effect data in
figure 10, was obtalined from tests with the flap gap
sealed’ and showed that a chanse in the Reynolds number
from 6,000,000 to 9,000,000 resulted in an average
Increment of 0.07 in the maximum 1lift coefficlent for
the airfoll-flap model for flap deflections of 0%, 4%,
8%, 16°, and 24°.

The effect on mazimum 1irt coefficients of removing
the flap gap seal is shown 1n Tigure 13. The results
indicate that no change in the mazimur 1ift coefflclents
wasg obtalned Tor flsp deflections from 0° to 8°; the
results, however, show thet for ceflectlons of 16 and 24°
an appreciable 1ncrease in the maximum 1ift coefficient
was obtalned with the flap gap open. In terms of percent
increase in 1ift thls represents a 3.7-percent increase
at 16° deflection and a 9. d~percent increase at a deflection
of 249, The greater 1ift at these flap deflections, with
the gap open, probably results from better flow character-
istics over the upper surface of the flap. In order to
determine the best ~ap dimenslion for the Towler flap at
a deflection of 32°, tests were made with flap gap
dimensions of 1.7, 2 2, and 2.7 percent of the alrfoll
chord. A gap of 2.2 percent of the airfoll chord was the
normal gap for thls Clap deflection and figure 12 shows
that a maximur 1ift coefficilent of 3.15 was obtalned for
this gap setting. A decrease in the gap dimension to
1.7 percent of the chord caused a slight change in the
lift-curve slope and reduced the meximumm 1ift coefficlent
by approximately 0.6 percent. An increase in the gap
dAimensions from 2.2 to 2.7 percent of the chord resulted
in an increase of 4.1 percent in the maximum 11ft coeffil-
clent even though the 1lift coefficlents over the greater
part of the angle-of-attack range (see fig. 12) were
somewhat reduced.

The results show that, with a gfap dimenslon of
2.7 percent of the airfoll cherd and with the flap deflected
520, a maximum 1ift coefflcient of 3.28 and a maximum 1ift
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coefficient increment of 1.84 was obtained for this

model at a_Reynolds number of 9,000,000. This maximum
11ft coefficlent end maximum 1ift coefficient increment
compares quite favorably with the maximum 1i1ft coefficient
of 3.15 and the maximum 1i1ft coefficlent increment

of 1.65 wihlch was obtelned fander simllar test conditions)
for a 1l5-percent-thick Boeing Wgz airfoil equipped with

& 30=percent chord Fowler flap.

CONCLUSTIONS

The results of the aerodynamlic investlgation of
the six plalin airfoils and the alrfoil-flap model 1in the
Langley two-dimensional low-turbulence rressure tunnel
Indicate thst:

1. The serodvnamic characterlstics of no one alrfoll
were superlor 1n all respects to those obtained for any
of the other alrfolls as shown by the following table of
characterlatics obtalned at a test Reynolds number
of 9,000,000:

407 107 px |%dmin lRa.nge of 1.ift |op, .

Mrfoll dag for low drag

JACA €55-515
(modified) a = 1.0{3.108 |1.655|0.00L3 [0.250 to 0.7L0 |-0.086

Lockheed D-12A .109 {1.555| 0047 | .500 to .840| -.059

NACA 65(3 18) =419

fa = 1.0, o3, = 0.5
8 = 0.8, o3, = =0.5 7| .112 1.L60} 0046 |-.160 to .650| -.0L7
L-os, oy, = 0ski j

Lookheed D-20B +103 |1.330| .00LB |-=mm=ccccacaan -.060
NACA 2418 «103 |1.475] 0068 jm=-wemeeecanu= -.04L
Vega (modified) 2419 | .098 |1.L0] 0053 |emececcmccaaa- -.051
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2. The additlion of roughness to the leadlng edge
of the plain airfoils produced marked separation effects
and the resultant lncrease in drag coefficlent was of
sufflcient magnitude that the alrfolls, with the exception
of the NACA 2418 and ILockhsesed D-12A, were consldered to
be unconservative sectlons.

3. The maximum 1ift coefficlent, for Tlap deflectlons
greater than 8° could be appreciaoly increased by removing
the flap gap =eal.

4. The greatest maximum 1ift coefficient L = 5 28)
la

for a flap deflection of 32° vas obtained with a
gap dimenzion equal to 2.7 percent of the alrfoll chord.

Langley Memorial Aeronautical Ladoratory
National Advisory Committee for Aeronautlcs
Langley Fleld, Va.
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 TABLE I
{a=1.0 c;i = 0.5
NACA 65(318)'h19 a = 0.8 911 = -0.5]
’ = 0. .= .
a 5 czi 0.4 |
(Stations and ordinates given in
percent of airfoil chord)
Upper Surface Lower Surface
Station | Ordinate . Station | Ordinate
0 0 0
222 g 778 -1.265
Y 1 l 1.059 "‘l. 03
.903% 2. 351 1. 9g -1.3843
2.102 E 25 2. -2.431
551 5.ii9 | -3.302
T.032 2 982 T.968 -3.966
12.532 971 10,168 -l.511
19. ?? '558 %8'3 2| 22288
2183 | 1082 25:31% | éihos
22.56 11.503 30.235 | «b. 8
5 [ 5 11.5%0 5. 2 "7.0&
12:2%0 | i ihoots | -¥io13
%8:228 11,508 '%22280 | 2bi5e
5.337 | 10.587 663 | =6.305
0.371 9.601 59.629 -5 167
65.361 8. hli 6l;.639 <173
L ] * l
0.131 u 909 gﬁ.529 -3 05$
-85.057 |- 3. 3789 9Lh3 | -2.239
90- 03, g 85312 | 11307
95.055 1 526 9ly.9L5 =0.470
100.000 1 1L00.000 0
L.E. radius: 2.18L
. 8lope of radius through L.E.: 0.201

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II
" LOCKHEED D-20B
(Stations and ordinates given
in percent of airfoll chord)
Upper Surfa_ce _ Lower-Surfgce
| Station | Ordinate Station | Ordinate
0 1.6 0 0
% | % % | 1%
1.25 :hg 1.25 -1.16
2.50 é.?l 2.50 -1099
5.00 058 5.00 -2067
3. 0 8.00 Z. O - .23
10.00 9.13 10.00 -i.ﬁg
1 10. 1 -li.
28 12;2 28 -4.99
30 13.6l 30 -5.88
5 15,97 5 -5
O 002 0 -5098
5 13.76 L5 -5.98
50 13.20 50 -5.83
5 12.40 5 -5.50
0 11.3%7 0 -5.02
65 10.10 65 .E.gu
70 8.63 70 -3.82
gs 7.2 5 3.1
O .79 0 . -205
85 35 85 =1.91
90 2.90 90 -1.28
99 1.45 95 ;=63
100 0 100 0
L.E. radius is 0.,0256c on a 1line 18°-40!' from
the chord.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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- TABLE III
NAGA-Z&IB_
(Stations and ordinates given
in percent of airfoil chord)
Upper Surface Lower Surfage
Station | Ordinate | Station | Ordinate
0 R 0 0
1.25 .28 1.25 =245
2. 50 éohs 2.50 "ﬁo%g
5.00 .03 5.00 -l
7. 50 3017 7.50 -50,.,-8
10 .0 10 . =6.0
15 9e3 15 -6.7
20 10.15 20 -T7.0
25 10.6 =7.18
o 10. =712
E 10.71 EO =6.T1
g- 9 =5.9
0 7.3 23.0%
g 5408 go -2.80
2.81 -1.3;
95 1.55 95
100 (.19) 100 (-.19)
100 | w=m—- 100
L.E. radius: 3.56 '
Slope of radius through L.E.: 0,10

NATIONA_L ADVISORY
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TABLE IV
.VEGA AIRFOIL (MoDIFIED NACA 2419)
(Stations and ordinates .given in .
. ‘percent of alrfoll chord)
Upper Surface - Lower Surface
Station | Ordinate Station | Ordinate
0 0 0 0
0.50 2,018 .50 -1.380
« 15 2-383 <15 -1.7
1.25 2.96 1.25 2,237
2. 50 )4..02 2.50 -ioll
5.00 Z.l‘-g 5.00 -, .20
7.50 « 587 T7.50 -h.ﬁaz
10 g. 72 10 - -5 76
15 .870 15 -6.262
20 9.929 20 -6.836
25 10.706 25 ~7.210
30 11.212 30 -7°h18
5 11.472 5 ~7.49
0 11.507 0 =T7.490
L5 11.340 45 -7-333
50 - ig.; 7 50 -g,g
g8 9.2t % - 23:502
%g_ 8fggﬁ gg -Z.sol
' . -4 737,
8 .190 85 -2.325
9 2.808 90 -1.51E
195 1.408 95 ~0.7
:100 0o . 100
Leading edge radius: 3,055

NATIONAL ADVISORY
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TABLE V

NACA 652-515 (modified) a = 1.0

(Stations and ordinates given in
percent of airfoil chord)

Upper Surface Lower Surface

Station Ordinéte Station | Ordinate
0 0 0 0

.268 1122 .732 -097

J191 1.50 1.009 | -1.15
.928 1.945 1.3&2 -1.409
2.1 2 2.765 2.83 ~-1.835
. L.01% 5.g7 -2-323
T7.106 u.g99 7.89L | -2.879
2.605 5.830 10.397 | =3%.246

1L, 621 5.17 15.379 | =3.80

13.657 .2o§ 20.3,3 -z.z
211,705 8.99 25.295 | =4.520
22.358 9.5Z8 30,241 | -L.718
3L4.81 9.968 5.182 | -4.819
879 10.125 0.121 | =4.819
EZ-9&1 10.1 2 45.059 | =L.689
50.000 9.92 50.000 | <4.410
po| gl | omhe | g
65.1%5 | 8.039 22:365 -2, 39
© 70,160 173 62.8&0 -2,31%
5.172 222 _ 74.826 | =1.746
0.1 3.182 gz.Bzu -1.205
85.1 5 .0 ) .825 -00712
95.093 1.585 94.907 { =.005

100.000 0 100.000 0

L.E. radius: 1.505
Slope of radius through L.E.: 0.211

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



MR No. L5IZ21

. TABLE VI
LOCKHEED D-12A
(Statlions and ordinates given in
percent of airfoll chord)
Upper Surface Lower Surface
Station {Ordinate Station { Ordinate
0 0 0 0
05 1.91 .5 - D e
15 2.19 <75 ——
1.25 2.62 1.25 . 963
2.50 E.ué 2.50 1.200
5.00 <75 5.00 1.%75
T7.50 2.26 7.50 1.600
10.00 .60 10.00 1.670
15 799 15 1.7%6
20 9.01 20 1.761
25 9.7 25 1.7@8
30 10.1 30 1.787
25 10.3%2 5 1.792
0 10.20 0 1.797
L5 9.73 L5 1.799
50 9.10 50 1.799
28 8.36 5 1.782
. 0 1.
65 2.22 65 1.238
70 5.70 70 1.383
55 M-ES P, 1.150
0 3,30 0 .925
85 2.85 85 .695
90 1.90 90 4160
95 <95 95 -230
100 0 100 0
L.E. radius is 0.015¢c on & line 22° from
the chord.
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COMMITTEE FOR AERONAUTICS




TABLE VII

SUMMARY OF THE MORE IMPORTANT AERODYNAMIC CHARACTERISTICS
OF THE VARIOUS AIRFOIL SECTIONS

Reynolds dey c c range of lift c.
Airfoll nf-?ber dag bmax Amin for low-drag ma..ic.
NACA 655-515 (mod) 8.7 x 10° 0.108 1.655 | 0.0043 | 0.250 to 0.740 | -0.086
= 1.0 :
Lockheed D=-12A 9.0 x 1o6 0.109 1.555 0.00L7 0.500 to 0.840 =0.059
NACA 65(518)-h19
a=1.0 °11= 0.5 9.0 x 106 0.112 1.1460 0.00L6 0.160 to 0.650 -0.047

a=00 8 czi='0. 5

Lockheed D-20B 8.9 x 10° 0.103 | 1.330 | 0.0048 | ==mm<mmc--ea-- -0.060
NACA 21,18 8.9 x 10° 0.105 | 1.475 | 0.0068 | mmemccomcomae- -0. 0l
Vega (mod) 2419 8.9 x 10° 8.098 1440 | 0.0053 | emcemmmmmeaee- -0.051

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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a= 1.3 ®1; = 0.5
a =0. ¢, =<0,5
NAGA 65(318)-&19 a = 0.5 c;i = 0.l

Lockheed D-20B

\\\\\\\\‘\“*‘~——_____
\\\\\\\‘~\~____

NACA 2/.18

NACA 652-515 (modified), & = 1.0

Lockheed D=12A

Figure l.- A sketch of the various airfoll sectlions for the wing of the Vega XP2V-1'
airplane.

NATIONAL ADVISORY:
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Vega alrfoil

—
— -
—

Figure 2.~

A comparison of the airfoil profiles of the Vega and the NACA 2419 airfoil

sections.
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0.860

A sketch showin
for the Vega airfoil-rlap model,

2

l_?lnp pivot point

airfoll lower surface

[ ORDINATES OF FIAP NOSE

(Stations and ordinates given in per-

cent of airfoil chord)

Station Upper Ordinate Lower Ordinate RA
Ny,
70,00 ~.66 -3,66 /U,\
0,25 =2,70 o :
0.50 [ =2.33 Zh.32
. =2.07 =l 016
7L.00 -1.82 .51
1.55 Sem—— Polnt of tangency
alrfoll lower sur-
face.
d.50 «0. t
.00 0.
.50 1.15
du,.00 PoInt of Tangency 53.l-percent
chord radius.

g the general model arrangement, the flap profile,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKCS

the flap ordinates and the gap dimensions
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"ON YW

18161



Cme/ly

°1

drag céeffiélent,’

Sect'ion
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Moment coeffilclent,
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v

i Moment coefficien

:Section angle of attack, a« , deg

section for the wing of the Vega XP2V-l alirplane.

Figure .- Section aerodynamic characteristics for the NACA 65

Test, ™

A.N

=515 {modified) a
336, 3L9.

position
/e
-.07

e [Tt it B

c¥ion t coefTic

= 1.0 airfoil; proposed tip
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x/c
.250

friclent,

.250 NATIONAL ADVISORY
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oment coe

8

sgction angle of attaok, . _ L i =Section 1ift coefficient,

iFigure 5.,- Sectlon aerodyna.mic characteristics for the Lockheed D-=12A airfoil; proposed tip section for the Iing o
the Vega XP2V-l airplane. Test, T 501, 503, 505.
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St

Y
C

Cmel,

#i Moment coefricient,

coefticient,

Section drag coefricient,

Ma,c,

e

Moment coefficient,

i g 55 I

Pigure 6.- Section aercdynamic characteristics for the NACA 65(318)-hl9 :

proposed root section for the wing of the Vega XP2V-l alrplane.

a.,c. positlo
x/e y/e
.258 -.029 i
.2 =022 ]
22 o

2=1.0, %
= 0.8: czi
= 0.5, °©i1

Tests, IDT 335, 32.

{Section 111t coefficient,

NATIONAL ADVISORY.
COMMITTEE FOR AERONAUTICS:

= 0.
=-0.5| airfoll
= O.E} ;
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cmc/l.,. o

cme..c

y/c

.003

Moment coefficient,

075

: Section angle of attack, )
e i [:'_1‘.4 h

Moment coeffic 1ax'1t',

on

positionii

EEEEERRH T
NATIONAL ADVISORY
i COH_MITTEE FOR AERONAUTIC.

1

cosfficlent, ¢ fhints

ARG : iR tsem
Flgure 7.- Section asrod: he Lockheed D-20B airfoil;
- foll;

the wing of the Vega XP2V-1 alrplane. Tests, TT 500, 502, 50l. oils proposed

root sectlion for
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o/l 5

Moment coefficient,

Section 1lift coefficlent

© 8.9 x 1og

] x 10

© 9 x 106

A Btandard roughnessi:
5'8 x 10

BN 7
Ta,c.

wing of the Vega XP2V-

:
Igectlon angle of attack, G p deg
T e A m

3-7 « position NATIONAL ABVISORY

x/e /e OMMITTEE FOR

241 -,016

AERONAUTICS

2h2 =.02

2239

Moment coefficient,

Figure 8.~ Section aerodynamic characterist

airplane.,

105 Tor the NACA 2413 aizﬁ'oﬂ;
Test, TOT hGS; L72, T7h.

Section 1ift coefficiént, opi:

e 11 MR nr . O

Proposed Toot section for the Eiii:
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I

iMoment coefficlent,

Cmey)y EE

orf1c ot

|SecEfon d:

c
Da,c.f

a.c. position
x/c /e

-gg --OMZJ.
77 R

g

coerficient,

NA;'IONAL .ADYISORY
COMMITTEE FOR AERONAUTICS

HERRI ection sngle of attack, , i Sectlon 11rt coetficlent, ¢,
! LT B s e e B ok 23 e Etl et e : S i : : e - FENAL
e i Figure 9.- Sectlon aerodynsmic characterlstics for the Vega airfoll; propoasd root sectlon for the wingfii

of the Vega XP2V-l alrplane., Teats, TOT 4,38, LL1, Lis5. ! e
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“qporo

Flap deflection
o

(deg)

o° (Plain airfoil)

BD
169 ———e—
zho —_—e

Pasp detisstion

or

(deg)
og (Plain airfoil

Sectlon 1ift coefficient,

c

AL

[T F

T

Section 1ift coefficilent,

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

4l

[Section anglo of atteck,

%

Section angle or attack o a.o » deg-}

Reynolds xiunbor 6.0 million - T
= Figure 10,- Section 1ift coorficients for a Vega l.irroil equipped with an 0.30c Fowler type fllp, pro=

posed root sectlion for the wing of the Vega XP2V=1 airplane.

iy
ldl nunbu', 9.0 million

12161

Flap gap sealed; Mats, T 595.
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Plap deflection

e

(deg)

0° (Plain airfoil)

fo.
169 N
-?_ho.

S Regodo Kol

SiE

Section 11ft .coefficlent,

Sectlon angle o 2 ack, a, , deg

rig\n'l 1l.~ .Section 1ift coefficlents for a Vega airfoil
equipped with an 0.30c Fowler type flep; proposed root
gection for the wing of the Vega XP2V-l airplanme. Flap
88p open; Reynolds, 9.0 million; Tests, T 597.

f[Flap deflectlon! Gap dimensio
i -1 percent alr--
foll chord
———emma———— %
242
207

(deg)

c

B DEE Y LERLT DRI bt

L

T
—Sectlon 1lift coefficilent,

PR NS SO £ 2t PO

COMMITTEE FOR AERONA

Section. angh pr attack, a4 , degL

Pig Veriation of section maximum 1ift coefilcle
flap gap dimension. Vege airfoll flap model; Beynolds num-
ber, 9.0 million; Yest, T 597.
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Maximun section lift goefficient, ®lnax

MR No. L5IZ1
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Flgure 13.- Varlation of the section maximum 1ift coefficlent with
flap deflection for various model configurations and Reynolds
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